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membranes as a unit process in the treatment of dilute acid wastewaters generated at RAAP is 
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e. Acidic corrosion of the metallic components of the RO system can introduce operational 
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f. Continuation of the program into a Phase Hf RO pilot plant operation located at RA AP for 
on-site evaluation and performance documentation and/or verification is justified. 
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THE FEASIBILITY OF CONCENTRATING/SEPARATING DILUTE 


NITROCELLULOSE ACID WASTEWATERS BY REVERSE OSMOSIS 


I]. INTRODUCTION 


1. Subject. This report covers a Picatinny Arsenal-financed study of the feasi- 
bility of membrane technology for the concentration and/or separation of dilute acid 
wastewaters. 


2. Background. Acid wastewaters are generated in the manufacture of explosives 
and propellants. The primary pollutants are nitrates in the form of nitric acid and sul- 
fates in the form of sulfuric acid. Nitric acid is generally the nitrating agent used in the 
production of such commodities as trinitrotoluene (TNT), nitroglycerin (NG), nitro- 
cellulose (NC), and nitroguanidine. Sulfuric acid smooths the nitration reaction and 
absorbs the water released by esterification. Pollution results from the numerous rinsings 
following the nitration step and also from spills, leaks. and washdown operations from 
the manufacturing processes involved in the production of nitric acid and inorganic 
nitrates. 


Il. INVESTIGATION 


3. Technical Approach. The bench scale phase of this project using commercially 
available vellulose-acetate RO membranes was designed to demonstrate the feasibility 
of concentrating/separating the spent acid wastewaters. The wastewater used in the 
experimental setup was a 3000-gallon batch taken from RAAP's Nitrocellulose Boiling 
Tub Pit. Acid concentrations were as shown in Table 1. The experiment using a process 
evaluation bench scale model with a single spiral-wound module was designed as noted 
in Figure 1, No pretreatment, such as pH adjustment, was attempted, nor was it deemed 
hecessary to filter the water prior to the RO process. Concurrently with the in-house 
work being conducted at USAMERDC, a contract was awarded to the Direct Energy 
Conversion Division, General Electric Company. Lynn, Massachusetts to constitute, 
east. and fabricate modified sulfonated polyphenylene oxide (SPPO) RO membranes 
which in previous G.E. work had indicated favorable resistance to low pH environments. 
Time framing: on both efforts were such that July 1974 was estimated for on-site pilot 
plant studies (at R AAP) to confirm findings obtained in the laboratories. The scale of 
the pilot plant operations was designed to be approximately 1000 gallons per day (gpd) 
product water. 


Table f. Acid Composition of Wastewater from 
Nitrocellulose Area Boiling Tub Pat 
Radford Army Ammunition Plant* 


— Concentration (ppm) he 


Nitrates Sulfates 
3200 5400 1.4 


"Collected July 1973 


RO 


MODULE 


BRINE 
TANK (1) 


PRODUCT 
TANK (2) 


“0. al V2.0? Yo.4 
C = f(t) C = f(t 
LANs 2,NO," f(t) 

C = f(t) C = (1) 
1,80, 2,50, 


Figure 1. Simplified schematic flow diagram for laboratory setup. 


te 


The modeling mathematics of the experiment ace detuled in Appendix \. 
This model was subsequently coded in FORTH AN bs the Analyse A Programming 
Division (USAMER DC) for use on US AMER DO’. CDC 6000 digital computer. The 
program appears as Appendix B. Output es available in the printed mode and as 
CALCOMP plots and print: 


All sample collection and chemeal analyses were accomplished by personnel 
of the SSD. USAMERDOC. Nitrate determinations were made using amitrate specific 
ion electrode probe in conjunction with an expanded scale meter. Sulfate concentra- 
tions were determined using a Hach DR/2 spectrophotometer and the turbidimetrie 
method found in APH A Standard Methods. 13th edition. 


4. Results. Phe observed dats for this phase of the project are shown in Tables 
2 through 6. Nitrate concentrations are designated as IMPURITY 1. sultates as 
IMPURITY 2. The product flow rate is reported in Table 6. where the change in volume 
of the product t nk ois measured a> a function of time. The collected data were analy zed 
and plotted using computer curve fitting techniques and programs. Caleomp plot. were 
produced and are shown as Figures 2 through 4. 


A second-order poly nominal curve was used as the data fitting model for the 
data reported in Tables 2 through 6. The statistical parameters associated with these 


fits were calculated and are reported in the computer printout attached as \ppendir C. 


Calculated engineering design parameters. based on second-order carve fits to 
the observed data. are shown in Table 7. 


Caleulated flu rates as a function of tine are shown in Table 8 and the car- 
tedav coordinate graph of these values in Figure 8. 


The observed data as reported by General Hectic Company regarding the 
modified SPPO membrane performance are shown in Table 9. 


Figure 5 shows typical acid wastewater as generated at ROAVAP. 


Figure 6 shows a typical section of cellvtose acetate KO membrane eat from 
the actual module used in this study. 


Figure 7 shows a typical 2-ineh-diameter SPPO RO module mounted ona 
bench scale experimental setup. 


Table 2. Impurity No. 1 (Nitrates), Brine Tank Concentration vs Time* 


*Celulos geetate menibrane, 
Ne date codler ted af this point, 


Nitrates Cone. (ppm) 


Tare Sia Se a oe I 
(hr) I 2 3 4 5 
0 2080 2550 2330 2500 2180 
3 2080 2500 2310 Lahad + 
{ 2030 2460 2360 2420 “© 
6 2027 babes 2190 hadad ae 
8 * 2490 2200 2280 +% 
Ww * *# 2160 “+ “* 
es ahs hs 2175 2290) a 
i} E ae ne 9155 oe ee 
lo ae 2320 1990 2190 “+ 
WwW *% Re ae 1825 *e 
20 bas 2160 1700 #e *e 
Ee? ae * e 1495 *e 
paar § ue * * * ae 
26 * * * 1310 
°t eHubose-acetate membeane. 
*®No data collected at this point, 
Table 3. Impurity No. 2 (Sulfates), Brine Tank Concentration vs Time* 
be tn a ee __Sulfates Cone. ( ppin) 
intr? eae ieee a ea eee 
(ry | 2s 3 4 5 
iT 3800 5900 3800 6400 6300 
= $100 6300 6500 id 2 
| 5600 6200 660) 6900 ++ 
i ABW) “* 8500 ++ lig 
8 = 6600 8500 7900 sald 
0 oe ee 9000 ee ee 
L2 i) aS 9000 9100 ae 
It = oe. 8800 Lhd Ad 
16 ae 9800 9000 31,000 ied 
18 he igh ae 14.000 e+ 
20 iy 12.000 10,500 Se salted 
ay a is s 17,000 +e 
2? 1 He * * + ee 
2h * ie . = 17,500 
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Table 4. Impurity No. | (Nitrates), Product Tank Concentration vs Time* 


Nitrates Cone. (ppm) 


Time Run No. S 
(hr) 1 2 3 4 5 
0 0 0 0 0 0 
2 2180 2700 2590 ++ 2180 
4 2170 2730 2610 2850 baad 
6 2028 *e 2720 ** baled 
8 * 2800 2670 2850 * 
10 ae ae 2640 *e oe 
12 ++ ## 2650 2720 on 
] 4 ee on 2640 en ae 
16 ++ 2750 2600 2840 ll 
18 . x) ee ae 2790 “ee 
20 ** 2860 2210 bhed + 
22 *e * * 2770 baad 
94 ae + * * 7 
26 * * * * 2930 


*Cellulose-acetate membrane, 
**No data collected at this point. 


Table 5. Impurity No. 2 (Sulfates), Product Tank Concentration vs Time* 


Sulfates Uonc. (ppm) - ae 
Time Run No. 
(hr) 1 2 3 4 5 

0 0 0 0 0 i) 

Z 300 700 500 belied badad 

4 200 400 460 680 hd 

6 200 +# 480 +e *# 

8 600 470 620 ++ 
10 +e +e 510 et ae 
12 bees ihe 560 820 =* 
14 +e oe 540 +# rt 
16 ee 480 500 850 *e 
18 +e +# ** 800 * 
20 ih 550 690 ae *e 
92 ee * * 9 50 ee 
94 Ke * * * #% 
26 : : * * 1750 
*Cellulose-acetate membrane. 

**No data collected at this point. 
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Table 6. Volume tn Product Tank vs Time 


ee RCH Re ENE OS (ER EE SS SEER RETRY AI ED Qe eh Oe 


Time 
(lir) ! 
0 0 
2 25 
4 45.0 
6 97.5 
B « 
10 behal 
2 +t 
14. +s 
16 “% 
1% ++ 
20 ee 
22 * 


2 I 
* “eljulose-acetats membrane . 


“* No data collee'“d at this point. 


Volume in Gallons 


ON Sie 


3 4 
() 0 
G1.0 Le 
88.0 35.0 
104.0 ee 
119.0 85.0 
144.0 Sake 
163.0 121.0 
182.0 = 
198.0 160.0 
= 200.0 
240.0 cas 
bo 235.0 


Table 7. Calculated Values for Engineering Design Parameters* 


Parameter 
Volume | 


(gallons) 


Volume 2 
(callons) 
CSO, 
CNO, 
(ppt) 
CSO, 
CO; 
(ppin) 
pil 

ll 


= Cellulose-acetats membrane, 
** As observed and recorded - 


(Based on second-order curve fits) 


Time (hr) 


5640 
2330 


5640 
0 


1.30 


0 


ps 


11096 
1860 


500** 
Dagan 


1.0** 
L.6** 


average valu. 
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Remarks 
Brine Taak 


V2 -.13t? + 140+ 3.5 


Product Tank 


CSO, = 180? + Tit + 5676 
CNQO, = -2t? + 19t + 2280 


Product Tank 


Brine Tank 
Product Tank 


et 


180.0 
211.0 
237.0 
242.0 


Brine 
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Table 8. Calculated Module Product fon Rate 
(gph & GP? D) 
(Based on Second-Order Fitted Curve) 


V2 =-0.13t? + 13t+ 3.5 


dVa - net +13 


dt 
Time ___Production Ra.te 
(hr) gph GF?D* 
0 13.00 9.40 
2 12.50 9.13 
4 11.96 8.73 
6 11.44 8.35 
8 10.92 7.97 
10 10.40 7.59 
J2 9.88 Tal 
14 9.36 6.23 
16 8.84 6.45 
18 8.32 6.07 
20 7.80 5.70 


*Module surface area = 33 S.F. 


Table 9. Modified Sulfonated Polyphenv!ene Oxide Membrane Fvaluation 


Performance * 


Test Time Flux Rejection 
Membrane Sample No. (hr) (GF? D) (%) 
ase 24 30 87 
2 20 ll 90 
3 is 12 90 


Experimental Conditions Were: 
Feed: 3000 ppm acid (2000 H, S0,, 1000 HINO, ) 
Press: 600 psi 
Temp: 74°F - 80°F 


* Asreported by General Flectric Co. under Contract DA AK 02-73-C-0407 with LSAMERDC. 
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I. DISCUSSION 


5. Discussion. The cellulose acetate membrane experiment described earlier was 
designed to yield data which could be representative of the module behavior with respect 
to ats ability Co ceject both acid species and to establish its water production or flux rate. 
The five runs, as noted in Tables 2 through 6, essentially were descrete repetitions of the 
same experiment. An objective in producing these data was to structure it into a form 
which could be acceptable for engineering design of a larger sealed-up system. The 
second-order curves obtained provide these engineering design data when considering 
the rate at which the acid species are being affected. Figures 2 and 3 show the nitrate 
and sulfate concentrations in the brine tank as funetions of time. The rates at which 
these are changing with respect to time are easily obtained by taking the first derivative 
of the fitted curve: Le. dC/dt. In this manner, the rates may be computed for any point 
in iw within Ue bounds of the experiment Since we are ullimately iterested in de- 
sianing a fullscale plant. practicality dictates that operation stay within a 24-hour period. 
Hence. the apper bond on the curve is valid (i.e. less than 24 hours) and differentiation 
of the curve within these time fimits vields rates which may be interpreted as truly indica- 
tive of the module performance. This technique when applied to the permeate or Mux 
rate (ie. UV) /dt. Figure 4) of the module integrates the rate over time, giving a more 
accurate estimate of this variable as compared to a grab sampling manner of estimation, 
It is noted in this case that flux rate may be described as an unsteady rather than a 
steady state condition, and henee time averaging of smoothing is necessary to account 
for the inher warialiods. Give Uhis derived eoopirical eyiation. one tay Ulin esti- 
mate flux atany given point over the time horizon of interest: Le. within a 24-hour 
period. Simultaneously. the rate of concentration (or loss) of the particular acid species 


may also be calculated, 


Table 7 shows the caleulated values for the parameters of interest. after a 20- 
hour continuous run, fora singe RO spiral-wound module, This performance behavior 
was eneoucaging, especially in light of the pl values. Hy droty sis of the membrane is a 
potential failure mode, and it was expected by this investigator (hat hydrolysis would 
oceur, Vrapid means of detecting gross ly droly sis was used throughout the data collee- 
tion phase. This involved rinsing the module with tap water and determining the total 
dissolved solids (TDS) values of the infet. product. and retentate streams using a dissolved 
solids meter. Eneach case. the reported TDS rejection rate was recorded at (on the 


average) approximately 90 percent. This indicated that gross hydrolysis had not occurred, 


\ possible explanation for this favorable behavior may he in part inthe operational mode 
followed throughout the experiment. That is. after approximately every 8 hours of con- 
tinuous operation. a short period of fresh water flushing was accomplished. whieh in 
ffert tended to tii vidity the membrarn pi=a atti condition for tnvdtoly sisdunvar, 
To assume that the membrane pllis consistent with that of the brine or permeate fluids 


tv 
‘ 


He 


is not necessarily correct. ‘This assumption needs further verification and its document 
ation is bevond the scope of this work. The data observed here indicate that there may 
be an inconsistency in the membrane-fluid ptt relationship or that at least a time-reaction 
element condition exists and it plays a significant role in that relationship. 


In reviewing the production or flux rates of the module. evaluating the vari- 
able dV, /dt for selected t values gives an indication of the commonty observed classical 
“fouling” behavior, The exact mechenism or cause for this pheacimenon will not be 
pursued here. but suffice it to say that the primary cause was believed to be colloidal 
materials and ferric oNides, The colloidal materiais may have been present in the origi- 
nal wastewaters, while the iron oxides may have originated within the experimental sys- 
tem due to the corrosive activity of the acids upon Che metallic components of the setup, 
fans case. the noteworthy item is that Figure 8 is representative of statistically ana- 

Iv zed values which indicate the cecoverability of the fay after repeated ¢ periments or 
exposures. That is. the funetion may be interpreted as beige a predictor for a reversible 
type degradation of flay overtime (20 hours) when the operational mode includes peri- 
odie flushing with a fresh water. Given this empirical “engineering data” and that 
shown in Table 7. the proflem of a properly designed RO system capable of treating 
acid wastewaters can be approached with an encouraging degree of confidence. 


FLUX, (GALLONS /SQ FT/ Day} 


0 5 10 5 20 
TIME (HRS) 


Figure 8. Fiux (GF*D) vs Time (hr), Cellulose Acetate RO Membrane. 
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The data presented on the SPPO membranes (Table 9) showing the this and 
rejection cates. although not given the typeof analysis as that shown for the cothilose 
aeelite appear to be most calighting. [bis noted that significant progress has been made 
inthe Gk. contract, Formutating. casting. and the Cabricating of spiral-wound modules 
has been completed for extensive testing inthe sealed-up pilot plant operation noted 
earlier. During this next phase. rigorous exposure and analysis of the observed data will 
be accomplished on both these SPPO and other cellulose-acetate spiral-wound RO 
modules. ‘Pherefore, Cartier discussion regarding the SPPO membrane is postponed 
wntil completion of the next phase of the project. 


IW. CONCLUSIONS 


6. Conclusions. Based on the data obtained in the laboratory phase of this 
study and subject to that data generated in the pilot plant phase. the following conclu. 
sions appear valid: 


a The apphieation of cellulose-acetate and modified sulfonated poly pheny - 
lene ovide RO membranes as a unit process in the treatment of dilute acid wastewaters 
venerated at R ANP is technically feasible. 


b. The concentration of nitric and sulphuric acid at acceptable rates for 
engineering scale-up using RO is feasible and attainable. 


c. The permeation or Muy rates attainable in the treatment of R AAP acid 
wastewaters are acceptable for engineering scale-up. 


d. 0 Uvdroly sts of the cellulose-acetate membrane did not significantly impair 
the performance characteristics of the RO modules. 


e Netdie corrosion of the metallic components of the RO system ean intro. 
duce operational problems that will significantly interfere with the rejection and flay 
rales of the RO membranes. 


f. Continuation of the program into a Phase TE KRO pilot plant operation 


located at RAAP for on-site evaluation and performance documentation and/or verifica- 
lion is justified, 
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APPENDIX A 


REJECTION MODEL MATHEMATICS 


RO MODULE 


Definitions: 


Vv; fluid volume in tank 1 


V> fluid volume in tank 2 
Cc, concentration in tank | 
C5 concentration in tank 2 


q, = fluid flow rate in - dv) = K 


dt 

q.. = product flow rate dv, 
dt 

qp brine tlow rate 

t time 

C lo C , at t=0 

Vio V1 at t-0 

2 - rejection percentaye rate 


balance on ! iss 


Ba - . = an @ Ee 5! z 
(1) q, Cc VG Ip C, +4, & yc, 


Pp 
at 
from continuity: q) dp +qp (3) 


Vit Vo=Viq (4) 


Overall balance on the system: 


CV. + C2V2 = Cy yVjQ (5) 
Mae “s 


Now differentiate (2a) and obtain 


dt 
(2c) = KC) (1-a ) 
Substitute (6) into (2c) 
Vasey ip ars Reh ao ae = eZ L -s] 
dt dt Vio - V2 


any 


fees = 


—_——— oe 


oate2- tt 


anvad SNHWE°*2G San Ne3 MON WNO Vive slHa ANa* te Ste DIN 
t sts - (sta) sIn NaS sUr50h 
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